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FLUORODINITROETUNOL AND DERIVATIVGS" 

Henry J. Marcus 

Aerojet-Ceneral  Corporation, Azusa, Ca l i fo rn ia  

In t roduct ion  

The chemistry of 2-fluor0-2,2-dinitroethanol has been inves t iga ted  f o r  tho pas t  
s eve ra l  years,  and i t  is a p r i v i l e g e  t o  present some of this ma te r i a l  at  t h i a  time. 
This paper presents  a 31.1nmary of a process eva lua t ion  study, and much of t h e  chemistry 
involved w i l l  be repor ted  i n  g r e a t e r  d e t a i l  by t h e  o r i g i n a l  au thors  i n  the  coming 
months. It may be s t a t e d  a t  t h e  o u t s e t  that t h e  chemistry of fluorodinitromethyl 

,compounds shows marked s i m i l a r i t y  t o  t r i n i t rome thy l  o r  e - d i n i t r o m e t h y l  compounds, 
which a r e  well-known i n  t h e  l i t e r a t u r e o  

Synthesis of 2-Fluoro-2.2-dinitroethanol . 

One prepara t ive  method f o r  2-fluoro-2,2-dinitroethanol (FDNE) is based on tho 
f luo r ina t ion  of the  aci-sodium sa l t  of d in i t roe thano l  

NO,@Na@ 
n L  :02 

N02 

F2(or C103F) + C - CH20H FC CH20H 
I 

NO2 

I 

The s t a r t i n g  ma te r i a l  fcr  React ion (1) i s  prepared i n  situ by t h e  deformylation of 
2,2-dinitro-l,Fpropanediol with one mole of base 

y 2  N02%a@ n 

+ NaOH C CH20H 

N02 

11 

Compound I1 i s  preferab ly  prepared by the  oxida t ive  n i t r a t i o n  of Z-ni t ro- l ,Fpro-  
panediol (Reference 1). 
from t h e  aqueous r e a c t i o n  mixture  with e t h y l  o r  isopropyl ether, followed by an ex- 
t r a c t i o n  of the  e the r  s o l u t i o n  wi th  aqueoue base,  which converts I1 t o  the aci-sodium 
e a l t  of d in i t roe thanol .  Although o the r  methods of prepara t ion  of I1 a r e  known, tho 
rou te  shown was the  one of choice. 

I1 is not i so l a t ed ,  bu t  i s  p a r t i a l l y  pu r i f i ed  by ex t rac t ion  

Conversion of I1 t o  FDNE w a s  ca r r i ed  out by in t roducing  f l u o r i n e  gas, d i lu t ed  
1:l with nitrogen, i n t o  the  ahueoue so lu t ion  of t he  aci-sodium salt  at 15  t o  25O 
(Reference 2). 
and that s t a i n l e s a  s t e e l  gas- in le t  tubes with open ends of 1/4 or 3/8 in., o r  with 
var ious  hole a izee  of 0.016 t o  0.040, a r e  e a t i s f a c t o r y  in a 50-liter vessel.  
amaller t h e  diameter of t h e  ho le s ,  however, t he  more f requent ly  were they occluded 
by soaim f luor ide .  

I t  was found that e f f i c i e n t  d i spe r s ion  of t h e  f l u o r i n e  i s  eseen t i a l ,  

T h  

A r ap id  i n j e c t i o n  of water served t o  remove t h e  obstruction. 

This r epor t  ie based on work supported,  i n  l a r g e  p a r t ,  by t h e  AEC through t h e  
Lawrence Radiation Laboratory of t h e  Univers i ty  of Cal i forn ia .  
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Y i e l d s  of 60 t o  7046 of FDNE were general ly  obtained, although about l& Of the  
t h e o r e t i c a l  quant i ty  of f l u o r i n e  was consumed. 
c r i t i c a l  f a c t o r ,  so long as it was maintained at  or ab&e the 7.5 t o  8.0 level .  The 
same r e s u l t s  were obtained whether the pH w a s  maintained a t  8.0 or whether f luorina-  
t i o n  was begun a t  a pH of about 11, and the  s o l u t i o n  allowed t o  go acid;  i n  the 
l a t t e r  case,  however, i t  was sometimes necessary t o  add alkali and t o  continue the  
f l u o r i n a t i o n  

The pH of the  s o l u t i o n  w a s  not a 

Ethyl  e ther  was found t o  be very e f f i c i e n t  i n  e x t r a c t i n g  F D N E  f r o a  t h e  aqueous 
f l u o r i n a t i o n  m i x t u r e .  
FDNE. 
i d e n t i f i e d  a s  2,2,4,4-tetranitro-1,5-pentanediol (Reference 3). 
r a t h e r  s i g n i f i c a n t  quant i ty  (3 t o  5 percent)  from an e t h e r  e x t r a c t  of FINE, from a 
batch i n  which most of the F D N E  had previously been ex t rac ted  with methylene 

' In  a c t u a l  p r a c t i c e ,  sodium chlor ide i s  added t o  decrease the  s o l u b i l i t y  
of FDNE i n  t h e  aqueous medium, and methylene chlor ide,  with a f a r  less favorable dis- 
t r i b u t i o n  c o e f f i c i e n t  than e t h e r ,  i s  used as the ex t rac tan t .  The crude product o b  
ta ined by removing the  solvent  is general ly  80 t o  90 mole-percent pure, as analyzed 
by gas chromatography. 

However, it tends t o  e x t r a c t  some impur i t ies  along with tho 
For example, one of t h e  contaminants found i n  t h e  f l u o r i n a t i o n  of 11 was 

It was  obtained i n  

,chloride.  

An a l t e r n a t e  method f o r  preparing FDNE c o n s i s t s  of t h e  f l u o r i n a t i o n  of nitroform, 
followed by reduction with a l k a l i n e  peroxide and t h e  Henry r e a c t i o n  with formaldehyde 
(References 2 and 4). 

I11 

FC(N02)3  + H202 + HCHO - F D N E  
O I P  

(4) 

3 

The f l u o r i n a t i o n  of nitroform is car r ied  out  under condi t ions similar t o  those des- 
cr ibed f o r  t h e  aci-sodium salt  of d in i t roe thanol ,  but  the  y i e l d s  a r e  superior  (80 t o  
9Q% of theory),  and the i s o l a t i o n  of the product presents  l i t t l e  d i f f i c u l t y ;  I11 is 
e s s e n t i a l l y  inso luble  i n  water. and, following mild washing, is obtained i n  98 
mole-percent p u r i t y  (gas  chromatography). 
sented by t h e  emulsified i n t e r f a c e ,  but this problem can be overcome by vacuum f i l -  
t r a t i o n  and water-washing. 
pared by the alkaline-peroxide reduction of te t rani t romethane,  and f luor ina ted  
&; i n  this case,  y i e l d s  of I11 from 65 to  7 6  (based on te t rani t romethane)  a r e  
obtained. 

A s l i g h t  source of d i f f i c u l t y  is  pre- 

Nitroform s t a r t i n g  mater ia l  may, i f  necessary. be pre- 

The route  shown i n  (4) w a s  discovered by workers a t  t h e  U,S. Naval Ordnance 
Laboratory and s u b s t a n t i a l  improvements s i n c e  then, pr imari ly  by NOL, have made t h e  
process a very a t t r a c t i v e  one. 
i n  a lka l ine  medium with a 20$ excess of hydrogen peroxide and formaldehyde, gives  
y i e l d s  of 90$ FDNE i n  95 mole-percent puri ty .  
aqueous methanol i n  order  t o  enhance the  s o l u b i l i t y  of FM i n  t h e  reac t ion  mixture, 
or, a l t e r n a t i v e l y ,  a surface-act ive agent such a s  sodium p t o l u n e s u l f o n a t e  or T r i -  
ton X-lOO+, may be added t o  achieve the 'same result. The l a t t e r  method is particu- 
l a r l y  advantageous when i t  is  desired t o  use the  so lu t ion  of F D N E  i n  the methylene 

The reduction of 111, when car r ied  out at  -5 t o  -1OOC 

The reac t ion  can be e f fec ted  i n  

h a l k y l  phenoxy polyethoxyethanol ( R o b  & Baas CO.) 
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ch lo r ide  ex t r ac t an t  without o ther  hydroxyl-containing impur i t i e s ;  water alone i s  
r e a d i l y  removed from t h e  so lu t ion ,  bu t  a s i g n i f i c a n t  quant i ty  of methanol, together 
wi th  the  a t t endan t  water,  p re sen t s  a more ted ious  problem. 

Phys ica l  Charac t e r i s t i c s  of FDNE 

Fluorodin i t roe thanol  i s  a mobile, c o l o r l e s s  l i q u i d ,  b.p. 5 3 O  a t  1 mm Hg, 
m.p. 9 t o  10-1/2°C. 
w i th  very minor decomposition (much less than I$), but t h a t  s l i g h t  decomposition does 
occur i s  ind ica ted  by small depos i t s  of paraformaldehyde. 
1.4330 (n2 j ) .  
Values of i t s  s e n s i t i v i t y  t o  impact o r  shock are no t  very cons i s t en t ,  but c e r t a i n  evi- 
dence suggests that caut ion  is i n  order.  
i n  methylene ch lor ide  had an impact s e n s i t i v i t y  Of l e s s  than 10 cm compared to 50 cm 
f o r  neat FDNE (Olin Mathieson Tes te r ,  2 Kg weight, 5& poin t ;  n-propyl n i t r a t e  = 

Its dens i ty  i s  1.54 g/cc a t  25OC. I t  can b e  vacuum-distilled 

Its r e f r a c t i v e  index is 
I t  i s  a ve ry  s t rong  ves i can t ,  and s k i n  contac t  i s  to  be avoided. 

For example, a 70 weight-percent so lu t ion  

k cm). 
Analysis of FDNE 

Analysis of FDNE may be  based on seve ra l  c r i t e r i a ,  of which pu r i ty  by gas- 
chromatography is perhaps t h e  most usefu l .  
wi th  a 6-ring polyphenyl e t h e r  column i n  an Aerograph A90 gas chromatograph. A n  
Aerograph Model 325 temperature programmer was a t tached  t o  the  oven hea te r ,  and by 
programming from 90 t o  14OoC a t  6OC/min, very s a t i s f a c t o r y  separa t ion  of components 
w a s  ackieved. 

Consistent r e s u l t s  have been obtained 

FDNE may a l s o  be analyzed by measuring i ts  absorbancy i n  d i l u t e  aqueous base a t  
382 q ~ .  For pure FDNE, l o g  c = 4.27. T h i s  determination must be made on f r e s h  solu- 
t i o n s ,  a s  t h e  anion of f luorodin i t romethane  r e a c t s  wi th  hydroxide ion. 

A t h i r d  method o f  a n a l y s i s  was developed by t i t r a t i o n  of FDNE i n  a c e t o n i t r i l e  
with 0.1N tetrabutylammonium hydroxide. Under t hese  condi t ions ,  FDNE t i t r a t e d  as a 
d ibas i c  a c i d ,  giving a s i n g l e ,  s h a r p  i n f l ec t ion .  

Synthes is  of Q( 2-Fluoro-2,2-dinitroethoxy)methane 

One of t h e  more in te - .es t ing  de r iva t ives  of FDNE is  its formal,  &(2-fluoro-2,2- 
dinitroeth0xy)methane (FEFO)  (Reference 5). 
formation f a i l  with e l ec t ronega t ive ly  subs t i t u t ed  a lcohols  such as t r in i t romethyl ,  
B - d i n i t r o ,  and f luorodin i t romethyl  compounds, recourse  was had t o  a method f i r s t  
developed a t  NOL (Reference 6 ) ,  involv ing  the  use of concentrated s u l f u r i c  ac id  a s  
the  r eac t ion  medium 

Since  conventional methods of aceta/l 

2x FC(N02)2CH20H + (HCHO)x x [FC(N02j2CH20] iCH2 (5 )  
‘2”4 

I V  (FEFO) 

Under these  conditions,  FEFO i s  produced i n  70 t o  9C$ y ie lds .  
venien t ly  be ca r r i ed  ou t  by  adding concentrated s u l f u r i c  ac id  slowly t o  a so lu t ion  of 
FDNE and e-trioxane i n  methylene ch lo r ide ,  but many v a r i a t i o n s  y i e l d  equal ly  satis- 
f a c t o r y  r e s u l t s .  
ch lo r ide  may be replaced by a similar so lvent ,  o r  t h e  r e a c t i o n  may be e f fec ted  with- 
out t h e  use  of organic s o l v e n t  by adding FDNE t o  a s o l u t i o n  of formaldehyde (from 
e i t h e r  t r ioxane  o r  paraformaldehyde) i n  s u l f u r i c  acid.  
t o  assist i n  the  i s o l a t i o n  and p u r i f i c a t i o n  of t h e  product. 

The r eac t ion  may con- 

I n  p lace  of t r ioxane ,  paraformaldehyde may be used, and the methylene 

A so lven t  may then be employed 
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The e f f e c t s  of a n  excess of formaldehyde or an excess of FDNE on the y i e ld  and 
pu r i ty  of FEFO were assessed i n  a series of runs i n  which t h e  molar r a t i o s  of FDNE 
t o  formaldehyde were 2.5:1.0, 2.0:1.0, and 1.5:1.0, respec t ive ly .  

ac id  i n  place of t h e  usua l  95 t o  98$ acid. 

An addi t iona l  run 
I was made a t  the  2.0:l.O r a t i o ,  i n  which t h e  condensation medium was loo$ s u l f u r i c  

The r e s u l t s  are summarized i n  Table 1. 

TABLE 1 

VARIATION OF REACTANT RATIO I N  FEFO SYNTHESIS 

Case Molar Ratio,  
No. FDNE:HCHO $ FEFW - 
1 2.5:'l.O 99.2 

' 2 2.0:1.0, conc ~ 2 ~ 0 4  98.2 
3 2.0:1.0, IO& ~ 1 2 ~ 0 4  98.9 
4 1.5:l.O 93.6 

$ Impurity of 
Higher CC 

Retention Time % Yield 

0.8 88.0 
1.8 82.9 
1.1 79.0 
6.4 83.5 

CC assay 

I t  i s  apparent t h a t  the reagents i n  s to ich iometr ic  r a t i o  w i l l  y i e l d  good FEFO very 
e f f ec t ive ly ;  that t h e  higher p u r i t y  FEFO obta inable  w i t h  1@ s u l f u r i c  ac id  may com- 
pensate f o r  the  use  of s l i g h t l y  less pure FDNE; and t h a t  even a 25% excess of formal- 
dehyde can be to l e ra t ed ,  provided p u r i f i c a t i o n  wi th  s u l f u r i c  a c i d  is added t o  the 
process (see below). 

A s e r i e s  of runs ( a l l  wi th  molar r a t i o  2.0:l.O) i n  which t h e  r eac t ion  tempera- 
ture w a s  maintained f o r  two hours a t  0 to  1 0 ° C ,  20 to  25'C. and 35 t o  4OoC, gave 
y i e l d s  of 87.3, 87.8, and 84.M FEFO, r e spec t ive ly ,  a l l  of i d e n t i c a l  qua l i ty .  
run at  the highest  temperature w a s  c a r r i ed  out pr imar i ly  t o  determine w h a t ,  i f  any- 
th ing ,  might occur i f  t he  r eac t ion  went out of control.  S ince  methylene ch lor ide  
served a s  the  organic so lvent  i n  these  runs,  i t  apparently served to  cont ro l  the exo- 
therm. 
ac t ion  temperatures from 0' t o  a t  least 25'C. 

The 

T h i s  series f u r t h e r  showed that product y i e l d  and p u r i t y  are unaffected by re- 

I n  prac t ice ,  the  preparation of FEFO can b e  ca r r i ed  out conveniently by usipg the 
so lu t ion  of FDNE i n  methylene ch lor ide  d i r e c t l y ,  without i s o l a t i n g  t h e  FDNE, although 
the  so lu t ion  i s  genera l ly  d r i ed  by passing through a s i l i c a  ge l -Dr ie r i te  column, and 
a portion of t h e  so lvent  i s  removed by d i s t i l l a t i o n  t o  avoid handling excessive 
volumes. The r e q u i s i t e  amount of e-trioxane is then added t o  t h e  so lu t ion ,  and con- 
cent ra ted  s u l f u r i c  ac id  (approximately 1 m l  a c id  per  gram of FDNE) is  then added d r o p  
wise with good a g i t a t i o n  a t  20 t 5'C. The r e a c t i o n  mixture i s  s t i r r e d  an adq i t iona l  
1 t o  2 hours, and t h e  methylene ch lor ide  (upper) l a y e r  i s  separatod. 
i s  then washed countercur ren t ly  or batchwise with 5s aqueous sodium hydroxide, and dr ied  
by percola t ion  through a column of s i l i c a  ge l .  
l eaves  the product as a clear, co lo r l e s s  l i q u i d ,  genera l ly  90 t o  98 mole-percent pure, 
as analyzed by gas chromatography. 

The FEFO so lu t ion  

Removal of the so lven t  under vacuum 

The contaminants i n  FEFO gene ra l ly  c o n s i s t  of s eve ra l  products of lowor CC re- 
tention-times, and on. or two of higher r e t en t ion  times.* The la t te r  have been 

Referred to ,  for convenience, as "high-boilers" 
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i d e n t i f i e d  (Reference 7) as t h e  FEFO analogs with two and three  methy’leneoxy chafns 
i n  t h e  molecule, respect ively.  

V VI 

Compounds V and V I  seem t o  arise whenever the  condensation medium i s  contaminated with 
water. I f  one i s  aware of this beforehand, t h e  problem can be overcome by the  u s e  of 
fuming s u l f u r i c  acid,  as shown i n  Table 2. 

1 

4 
TABLE 2 

EFFECT OF DILUTION WITH WATER ON FEFO SYNTHESIS 
, 

~o10-s Components 
Case wi th  lower CC 
- No. Condi t ions  r e t e n t i o n  time $ FEFO $ *ah-boilers $ Yield 

5 Standard* 3.6 93.4 3-0 92.5 
6 IO$ H20 added t o  PDNE 4.3 44.7 51.0 83.6 
7 A s  i n  93, with 20-29 2.9 93.4 3.7 77.7 

fuming &SO4 i n  place of 
conc. H SO 2 4  

2.0 moles of FDNE ( d i s t i l l e d )  per  mole of formaldehyde 

Resul t s  s i m i l a r  t o  those of Case No. 6 are  obtained whenever the FDNE-methylene chlorido 
s o l u t i o n s  are inadequately dr ied.  

i 

I f  t h e  FEFO product is  still too highly Contaminated with V and/or V I ,  pur i f ica-  
t i o n  may be e f fec ted  by low-temperature c r y s t a l l i z a t i o n  from methylene chlor idchexane 
i n  a tedious,  somewhat wasteful  procedure, or by a g i t a t i o n  with concentrated s u l f u r i c  
ac id .  Resul t5  from the l a t t e r  t reatment  a r e  presented i n  Table 3. m 

TABLE 3 
PURIFICATION OF FEFO WITH SULFURIC A C I D  

i 

, 
L 

$ Eiph-Boilers #ole-% Components 
Case with lower CC 
No. r e t e n t i o n  t i m e  $ FEFO v V I  $ Recovery 
8, crude 1.2 87.3 5.6 5.9 - 
8, p u r i f i e d  1.7 96.6 0.1 1.6 82 
9, crude 0.7 95.6 3.7 
9, p u r i f i e d  1 - 4  98-6 

-- 
- - 

89 I1 - - 
Extremely i n t e r e s t i n g  r e s u l t s  were obtained i n  the  course of preparing FEFO from 

This FDNE was pre- an  FDNE-methylene c h l o r i d e  s o l u t i o n  a f t e r  attempted pur i f ica t ion .  
pared f r o =  f luoro t r in i t romethans  i n  ae thanol ic  so lu t ion .  and the  FDmmethylene 
c h l o r i d e  s o l u t i o n  was later found t o  be highly contaminated with methanol and water. 
The crude FEFSmethylene c h l o r i d e  s o l u t i o n ,  fol lowing separa t ion  from t h e  s u l f u r i c  
acid l a y e r ,  was divided i n t o  two equal portions.  One por t ion  was worked up i n  tho 
usual  manner, and t h e  o ther  waa t r e a t e d  with two por t ions  of concentrated s u l f u r i c  
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a c i d  before  being worked up. 
as FEFO), t he  second 42 percent.  

The f i r s t  por t ipn  gave a y i e l d  of 48 percent  (calculated 
GC ana lys i s  showed t h e  following r e s u l t s :  

TABLE 4 
I 

IN-PE1OCESS PURIFICATION OF FEFO WITH SXJLFURIC A C I D  

$ Hiph-Boilers Mole-$ Components 
with lower GC 

Case No. r e t en t ion  time i'. FEFO V VI 

10,  pu r i f i ed  i n  process 1.0 93.7 503 
10, t r ea t ed  a s  usual 17.1 37.6 43.8 1.5 

I 
- 

I n  s p i t e  of the  f a c t  t h a t  the conventionally-treated FEFO w a s  apparently no t  com- 
p l e t e ly  f r eed  of so lvents ,  and the  r e s u l t s  are thus  not s t r i c t l y  comparable. it i s  evi- 

was near ly  the  same i n  both cases,  i t  must be concluded t h a t  p u r i f i c a t i o n  took place 
primarily o ther  than through ex t r ac t ion  of V and V I ,  and that the  l a t te r  may have been 
converted i n t o  FEFO by a process ind ica ted  i n  the  following sequence: 

,d-nt t h a t  a very high degree of p u r i f i c a t i o n  was achieved. S ince  t h e  y i e l d  of FEE'O 

H 
8 

ROCH20 CH20R 
IL  

(6) XOCH20CH20R + H @ 

8 I' 
b C H 2 ]  + HOCH20R e ROH + HCHO 

\ 

'[ROCH2] 8 + ROB ( R O ) ~ C H ~  + H @  

The pur i f i ca t ion  of 'FDO with concentrated s u l f u r i c  ac id  immediately following separa- 
t i o n  of t h e  FEFO-methylene ch lo r ide  so lu t ion  from the  s u l f u r i c  ac id  r e a c t i o n  medium has 
cons i s t en t ly  removed near ly  a l l  of t h e  high-boiling contaminants, and has  been made a 
standard procedure i n  FEFO preparation. 

Several  rou tes  are known which y i e l d  FEFO from in te rmedia tes  o the r  than FDNE. 
One of these methods u t i l i z e s  &(2,2,2-trinitroethoxy) methane (VXI) as the  s t a r t i n g  
mater ia l  (Reference 4)  

, 
> [(N02)3CH20]2 CH2 - [(N02)2C %H20]2CH2 7 FEFO 

H202, OH . 
(7) 

' V I 1  
D 

V I 1 1  

V I 1  i s  reduced to  the  disodium sa l t  (VIII)  i n  t h e  presence of a l k a l i n e  peroxide i n  
aqueous methanol. The organic so lvent ,  added i n i t i a l l y  t o  ensure s o l u b i l i t y  and f a c i l i -  
t a t e  r eac t ion  of the  s t a r t i n g  material, must then be removed by vacuum d i s t i l l a t i o n  
p r i o r  t o  f luo r ina t ion .  
route.  The s e n s i t i v i t y  of V I I ,  and t h e  f a c t  t h a t  l a r g e  volumes and much time are re- 
quired t o  e f f e c t  the  removal of the  methanol, a r e  severe  disadvantages i n  t h i s  process. 

Moderate y i e lds  of pure FEFO o r e  obtained v i a  another route  which u t i l i z e s  VI1 

The product has been obtained i n  y i e l d s  of up t o  60$ by this 

as the  s t a r t i n g  material: 

The conversion of VIII, by means of the  H e n r y  reac t ion ,  t o  bis(Fhydrory-2,2-dinitro- 
propoxy)methane serves as a means of p u r i f i c a t i o n ,  and as  a r e s u l t  the y i e l d s  from IX 
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t o  FEFO -e q u i t e  high (80 t o  85%). 
45 t o  55s. and the large volumes and lengthy  procedures,decrease t h e  u t i l i t y  of t h i s  
method even f u r t h e r o  

The o v e r a l l  y i e l d  s t a r t i n g  from V I I ,  however, i s  

Phys ica l  Charac t e r i s t i c s  of FEW 

FEFO i s  a co lo r l e s s  l i q u i d ,  b.p. 120 t o  124'C a t  0.3 mm Hg,m.p. 14'C. I ts  dens i ty  
is 1.595 g/cc a t  25'C. and i ts  index of r e f r a c t i o n  n2$ = 1.4398. 
t h e  lower a l i p h a t i c  a l coho l s  and esters, and i n  most ch lor ina ted  solvents.  It is 
s t a b l e  t o  s t rong  ac ids ,  and r e l a t i v e l y  s t a b l e  t o  d i l u t e  aqueous a l k a l i .  I t s  s e n s i t i -  
v i t y  t o  impact has given va lues  ranging  from 11 cm (5096 poin t ,  2 Kg woight, RDX = 
28 cm) t o  40 t o  50 cm (5& po in t ,  2.5 Kg weight). 
t o  i n d i c a t e  r e l s t i v e l y  lor t o x i c i t y ,  a t  l e a s t  by e x t e r n a l  exposure t o  skin o r  eye. 

It i s  so luble  in 

Toxic i ty  da ta  are scanty  but tend 

,&alvais of FEPO 

Gas chromatography has  been employed as t h e  most s u i t a b l e  a n a l y t i c a l  method for 
FEFO assay. 
and a s e n s i t i v e  flame i o n i z a t i o n  de tec to r .  
followed by a programmed inc rease  of 6°C/minute t o  20O0C, and an  add i t iona l  8 
minutes a t  2CQ°C. 
t i n g  condi t ions  give well-resolved peaks with m i n i m a l  tailing. 
have been var ied  between 0.2 and 0.8 ~ l ,  0.2 t o  0.3 ul is prefer red .  

GC FEFO ana lyses  are conducted wi th  a s i x  r i n g  polyphenyl e the r  column 
A 2-minute isothermal run a t  100°C is 

All components are e l u t e d  wi th in  a 20-minute period. These opera- 
Although sample s i z e s  

Pre l iminary  s t u d i e s  sugges ted  that chromatograph oven temperatures between 180 
and 200'C would not cause measurable decomposition of FEFO. 
v o l a t i l i z a t i o n  and peak shape, a pre-heater temperature of 185'C was se lec ted .  
ever ,  a t  t h i s  temperature the  area percents  of the  mor. v o l a t i l e  components d id  not  
reproduce w e l l ,  a l though c o n s i s t e n t  d a t a  were obtained f o r  t h e  o ther  impurit ies.  A 
later s e r i e s  of tests of vapor i ze r  temperatures from 150 t o  20O'C demonstrated the  
necess i ty  of opera t ing  a t  15OoC because of an apparent degradation of FEFO a t  the 
h igher  temperatures. Tho da ta  suggest that the apparent increase  i n  impur i t ies  of low 
r e t e n t i o n  time a t  temperatures above 15OCC i s  a c t u a l l y  due t o  degradation of FEFO. 
Its as say  decreases wi th  t h e  inc rease  of t hese  i n p u r i t i e a  a t tendant  with the  increased 
temperatures.  By ope ra t ing  t h e  vapor izer  at 15OoC,  reproducible chromatograms a r e  ob- 
t a ined  without no t iceably  a l t e r i n g  the e l u t i o n  times. 

Therefore, t o  enhance 
How- 

The anhydrous poten t iomet r ic  t i t r a t i o n  app l i cab le  t o  FDNE may be used for TEFO 
a l so .  FEPO can be t i t r a t e d  i n  a c e t o n i t r i l e  with tetrabutylammonium hydroxide to  
g ive  a s i n g l e  well-defined break corresponding t o  t h e  removal of four protons per  
mole. 
chromatography. 
this method was not developed f u r t h e r .  

A s i n g l e  sample assayed 08.816 FEFO, compared with 8 6 . d  obtained by gas  
S ince  the i m p u r i t i e s  i n  FEFO are a l s o  a p t  t o  have a c i d i c  proper t ies ,  

Acknovledmm t 

The au tho r  wishes t o  expresa hie apprec ia t ion  t o  Dr. M. J. Kanlet and Dr. 
8. G. Adolph of t h e  U.S. Naval Qrdnance Laboratory, White Oak, Maryland, and to 
Dr. K. Baum, Dr. V. Crakauskas, and Dr. F. E. Nartin of the Aerojet-General Corpora- 
t i o n  f o r  p e d a s i o n  t o  p re sen t  c o r t a i n  information p r i o r  t o  t h e i r  own publications.  



63. 

I 1. K .  Klager, U.S. Patent 3,024,288 (1962). 

2. v. GraKauskas and K. Baum, i n  press. 

3. 

4. Irl. J. Kamlet and H. C. Adolph, J. Ora. Chem., i n  press.  

5. Y. E. Martin, pa ten t  appl ied  for .  

6. 

7. H. G. Adolph, p r iva t e  communication. 

I K. Klager, J. P. Kispersky, and E. E. Hamel, J. Ora. Chm., &, 4368 (1961). 

I , 

K. C. Shipp and M. E. H i l l ,  J. Ora. Chrm., 2, 853 (1966). 


